In many astronomical environments, physical conditions are so extreme that matter is almost completely ionized. The absence of bound atomic electrons can dramatically alter the decay rates of a number of radioactive nuclei. Several examples of this interplay of nuclear and atomic physics relevant to the synthesis of the chemical elements are described.
Introduction
Under the extreme physical conditions found in stellar interiors and other astronomical environments, matter is essentially fully ionized. The absence of atomic electrons produces effects that are of importance in stellar nucleosynthesis and in cosmic ray physics. Some species of astrophysical interest are radioactive nuclei which, under terrestrial conditions, decay by the capture of a bound atomic electron. At the high temperatures found in stellar interiors, such nuclei can only decay via electron capture from the continuum. High energy cosmic rays are fully stripped of their atomic electrons in passing through the interstellar medium. Thus, because there are no bound electrons to be captured, dramatic decreases in the decay rates occur for such nuclei. For some species, the result is that they become "stable" while for others, terrestrially unobserved p" or {3+ decays will determine their decay rates. Another effect that results from the absence of atomic electrons is bound state J5 decay. In this process, the beta particle is emitted directly into a previously unoccupied bound atomic orbital. For decays with low endpoint energies, the increase in decay energy provided by the atomic binding energy can lead to large increases in the nuclear decay rate. Effects such as these illustrate the interplay between nuclear and atomic physics in the synthesis of the elements. In this talk, I will discuss several examples of current problems in nuclear astrophysics in which such processes are important.
fifi
The fusion of hydrogen into helium in the Sun is believed to occur via a sequence of nuclear reactions known as the p-p chain. The only direct evidence for this is provided by the observation of solar neutrinos that are produced during these reactions. The experimental result of Davis [1] and his collaborators is about a factor of three below that predicted by Bahcall [1] and others. This discrepancy is known as the "Solar Neutrino Problem." The Davis experiment is a radiochemical techrs'ue y,. sed on the 37ci(v,e")37Ar reaction which has a threshold energy oi 8K x -V. Thus it is mainly sensitive to the rare but high energy neutrinos from the p-decay of ^B which is produced via the 7Be(p,y)
reaction. This proton capture reaction must compete with the electron capture decay of 7 Be. In the laboratory, neutral ?Be atoms decay with a half-life of 53 days.
However, the K-electron binding energy of Be is only 0.22 keV, while the mean thermal energy, kT » 1.3 keV at the center of the Sun. Therefore, in the inner regions of the Sun where the fusion occurs, ?Be is fully ionized. Thus, electron capture proceed by capture from the continuum. This process has been investigated by Bahcall and Moeller [2 ] who have estimated that averaged over the inner 10% of the Sun, where over 95% of the 8 B is produced, the effective half-life of ?Be is approximately 70 days. This is about a 40% increase over the laboratory value and leads to a correspondingly higher ^B production rate than would be inferred from the laboratory half life. This effect is properly taken into account in estimates of the solar neutrino flux, but illustrates the connection between nuclear and atomic effects in nucleosynthesis.
In the laboratory, neutral 54 Mn atoms decay with a 312 day half-life via an allowed electron capture transition to the 835 keV level in 5*Cr. In the cosmic rays, S^Mn j s believed to be produced through spallation of primary iron nuclei by interstellar hydrogen and would be stripped of all its atomic electrons, While this would prevent its decay by electron capture, as can be seen from Figure 1 , it is energetically possible for it to decay via second forbidden unique transitions to the ground states of 54 Cr and 5 4 Fe by positron or negatron emission, respectively.
Because of the expected long p+ and p* lifetimes, 54 Mn has been proposed as a cosmic-ray chronometer [3] . More recently, the presence of 5 4 Mn in the cosmic rays has been experimentally confirmed [4] , with a half-life estimated to be (1 to 2)
x 10 6 years in order to explain the measured abundance as a function of cosmic-
While the dominant decay mode for fully ionized 54 Mn is expected to be P" decay, it is extremely hard to experimentally isolate this small branch in the laboratory. Thus, the initial studies of Sur et al. [6] searched for the even smaller, but easier to detect, p + decay branch. In this experiment a chemically purified 7.3 uCi 54jjn source was mounted in front of a two-element silicon surface-barrier detector telescope to detect the emitted positrons. The source and telescope were mounted at the center of an annular 30 cm x 30 cm Nal detector that was optically divided into two halves. The back-to-back 511-keV y rays from positrons annihilating in the back element of the telescope were detected in these two halves of the annular detector. A 4-fold coincidence between the telescope elements and each half of the annular Nal detector was required in the electronic hardware trigger. The efficiency of the apparatus for detecting positrons from the decay of 54 Mn was measured by detecting positrons from a 65z n source mounted in the same geometry as the 54 Mn.
The candidate positron spectrum was extracted by projecting out the summed telescope energy spectrum in coincidence with 511 keV y rays detected in both halves of the annular Nal detector within the prompt timing requirement for all detectors. Background spectra were extracted by projecting the summed telescope energy spectrum in coincidence with combinations of gates set above and below one year. The conclusion that can be drawn from all of this work is that the effective half life of 176 Lu is very temperature dependent and that as a result, the abundance of 176£, u that emerges from an s-process environment is a very sensitive function of the thermal history that it has experienced. Thus l^Lu is not a reliable chronometer.
187^
As can be seen in Figure 2 , the long-lived isotope 18?Re (ti/2 * 4.3 x 10 10 years)
is produced only in the r-process. It was therefore suggested as a potential re process chronometer. [13] Again, however, there are nuclear and atomic physics complications which compromise the usefulness of this clock.
In the laboratory, a neutral 187 Re atom decays to a neutral l 87 0s atom with a p-decay endpoint energy of 2.6 keV. This energy is actually less than the 14 keV difference in atomic electron binding energies between Re and Os. Thus, while a neutral 187R e atom is more massive than a neutral 187Q S atom, the situation is 
